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We are indebted to the researches of Berzelius for almost all we know concerning the chemical relations and composition of vanadium and its compounds. From his celebrated investigation on Vanadium* (1831), the results of which have since been more or less completely confirmed by Schafarik* { * and CzudnowiczJ, it appears that the formula of vanadic acid is V 0 3, Hence it is evident that we have here to do with either a case of dissimilarly constituted substances acting as isomorphous bodies and crystallizing together, or else the conclusions of Berzelius are erroneous, and the true formula of vanadic acid is V2 Os, corresponding to the pentoxides of phosphorus and arsenic. The first of these alternatives has been properly accepted by most chemists as the only present solution of the difficulty, inasmuch as the definite experimental data given by Berzelius render the assumption of any other formula but V 0 3 for vanadic acid perfectly gratui tous in the absence of experiments proving these data to be erroneous.
Berzelius based his conclusions on the following experiments, viz.
(1) the constant loss of weight which vanadic acid undergoes on reduction in hydrogen at a red h e at; (2) the action of chlorine on this reduced oxide, when a volatile chloride is formed and a residue of vanadic acid remains, which is found to be exactly one-third of the quantity originally taken for reduction in hydrogen. Hence Berzelius concludes that the number of atoms of oxygen in the oxide is to that in the acid in the proportion of 1 to 3; so that (assuming the lowest oxide to contain one atom of oxygen) the acid contains three atoms, a result which Berzelius finds borne out by its capacity of satura tion. The question whether the acid contains one or two atoms of metal Berzelius decides in favour of the former view, by finding that no compound corresponding to the alums is formed when vanadic acid is brought together with sulphuric acid and potash. The analyses of the volatile chloride made both by Berzelius and Schafarik confirm this conclusion, and place beyond all doubt the fact that, if the atomic weight of vana dium be taken to be 68*5 and 0 = 8 , the formula of vanadic acid is V Oa, that of the oxide prepared by reduction V O, and that of the chloride V Cl3.
In the present communication I shall show that, whilst confirming these fundamental results in every particular, I still arrive at a totally different conclusion from Berzelius respecting the constitution of vanadic acid, and all the other vanadium compounds; for I shall prove that the true formula of vanadic acid is V2 Og (when 0^1 6 ) , and the true atomic weight of vanadium 51*3, inasmuch as the substance supposed by Berzelius to be vanadium is not the metal but an oxide with an atomic weight of 6T*3, nearly that of Berzelius s metal, whilst the supposed terchloride is an oxychloride.
The following are the grounds upon which I base my conclusions; the experimental proofs are contained in the sequel:-(1) An oxide of vanadium exists which unites with three atoms of oxygen to form vanadic acid. Hence this latter substance must contain more than three atoms of oxygen. vol. xxxiv. p. 116), identical w ith Arceoxene, and therefore a tribasic compound. (y*) V olborthite, according to Credner's analysis (P ogg. Ann. Bd. lxxiv. p. 546) , also contains one of vanadic acid to three of basic oxide. (6) Y anadic acid fused w ith sodium carbonate displaces three -molecules of carbon dioxide, showing th a t norm al or ortho-sodium vanadate is tribasic, the form ula of this salt being N a3 Y 0 4. (7) T he so-called m onovanadates are salts corresponding to the monobasic phosphates, and may be term ed m etavanadates; thus, N a V 0 3, N H 4 V 0 3, Ba 2 V Os. The so-called bivanadates are anhydro-salts, sim ilar in constitution to the anhydro-salts of chromic and boric acids.
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(8) Vanadium nitride has been prepared, which, on analysis, was shown to contain 51*3 parts by weight of vanadium to 14 parts of nitrogen. All the reactions according to which vanadic acid was supposed (Berzelius, Rammelsb e r g , Schafarik, &c.) to contain three atoms of oxygen with an atomic weight V=67*3 can equally well be explained when V2 Os (V = 5 1 '3) is taken to represent the composi tion of this substance. That this is the case is seen from the following:- 
1.
The sources of vanadium, although numerous, have up to the present time yielded the compounds of this metal in such extremely small quantities that vanadium salts may still be counted amongst the greatest of chemical rarities; and consequently the satis factory investigation of their properties has proved so difficult that contradictory state ments, concerning even fundamental points, are made by recent experimenters. My attention was directed some time ago to the occurrence of vanadium in some of the copper-bearing beds of the Lower Keuper Sandstone of the Trias, worked at Alderley Edge and Miottram St. Andrews, in Cheshire j and I was fortunate enough to secure a plentiful supply of this rare metal by the purchase of a lime precipitate containing vanadium which had been obtained as a residue in the extraction of cobalt from the cobalt-bed sandstone at Mottram, by the Alderley Edge Copper Mining Company. The geological features of the remarkable deposit of metallic salts which occurs in this Keuper Sandstone have been well described by Mr. H u l l * . The horizontal beds of sandstone contain copper as blue and green carbonates, lead both as carbonate and as galena, cobalt as black cobalt-ochre, and iron oxides, all in Workable quantities, together with arsenic, silver, manganese as dioxide, and barium as heavy spar. The sandstone is of a soft and uniform texture, and is metalliferous to a depth of at least 60 feet * it is coloured variously from green and brown to black, according to the nature of the covering of metallic ore which surrounds the grains of sand. The following arrangement of the beds is given by Mr. more than from 0'5 to 2 5 per cent. ; it is dissolved out by hydrochloric acid, and the m etal precipitated from th e solution by scrap iron. T he lead is contained in small crystals throughout the mass, and is separated from the sand by maceration and w ashing; some of the rock contains as m uch as from 30 to 40 per cent, of the ore. T he sandstone from w hich the vanadium precipitate was prepared possesses a light colour, and contains from 0T to 0*3 per cent, of the oxides of cobalt, nickel, and copper dissem inated as sm all black, green, and red specks throughout the mass. A fter crushing, the m etals were dissolved out by hydrochloric acid ; bleaching liquor and m ilk of lime were then added to alkaline re a c tio n ; a portion of the copper, together w ith the whole of the nickel and cobalt, rem ained in solution, w hilst the lead, iron, arsenic (partly derived from th e acid used), a little copper, and the vanadium were precipitated. As the M ottram m ine is now closed I have been unable to obtain a sam ple of the above-mentioned sand stone for exam ination, and therefore I cannot state positively w hether the vanadium occurs as vanadinite, alth o u g h for oth er reasons I am inclined to th in k th a t it does.
T he above-m entioned lim e precipitate was believed by the m anager of the mines to contain about 10 per cent, of copper; b u t when it was dissolved in acid and the copper throw n down by zinc, th e solution still retained a b rig h t blue colour, which I soon recog nized as being due to vanadium . A rough analysis of the crude lim e precipitate shows th a t it contains about 2 per cent, of vanadium , together w ith lead, arsenic, iron, lime, and sulphuric and phosphoric acids.
I n order to prepare pure vanadium compounds in quantity from this m aterial, I was glad to avail m yself of the kindness of my friends Messrs. R oberts, Dale, and Co., who were good enough to place th eir works a t my disposal for this purpose. T hree cwt. of th e crude m aterial was dried, and th en finely ground w ith four times its weight of coal, and th e m ixture well furnaced w ith closed doors for several days u n til the greatest p a rt of th e arsenic had been driven off. T he coal having been thus b u rn t off, the mass was th en ground up w ith one q u arter of its w eight of soda-ash, and well roasted in a rever beratory furnace w ith open doors for two days, to oxidize th e vanadium to a soluble v a n ad a te ; th e mass was next lixiviated, and the solution draw n off from insoluble m at ters: th e liquid was acidified w ith hydrochloric acid, and sulphurous acid was then passed int*o th e solution to reduce the arsenates, w hen th e rem aining arsenic was preci p itated by sulphuretted hydrogen.
T he deep-blue solution thus obtained was carefully neutralized by ammonia (an excess causes m uch of the vanadium to pass into solution), th e precipitated vanadium oxide washed on cloth filters, oxidized by nitric acid, and evaporated to dryness. The well-dried crude vanadic acid was then boiled out w ith a saturated solution of ammonium carbonate, which left iron oxide and calcium sulphate, alum ina, &c. insoluble, and the filtrate eva porated u n til th e insoluble am m onium vanadate separated out. This crude vanadate was th en washed w ith sal-ammoniac solution to free it from soda-salt, and recrystallized. In order to prepare from this salt pure vanadic acid, it was roasted in the air and the powdery acid obtained was suspended in w ater, into which ammonia gas was passed, the dissolved ammonium vanadate was separated by filtration from a residue containing silica, phos phates, &c" and was crystallized by evaporation in platinum; the pentoxide obtained from this salt was free from phosphorus. Another mode, which was adopted in order ' to obtain perfectly pure vanadium pentoxide, was to prepare the pure oxychloride, and this, on being decomposed by water, yielded the acid as a fine orange-co oure pow er. In order to free this powder from any trace of obstinately adhering silica, it was more* tened with sulphuric acid and exposed in a platinum vessel for some days to hydrofluoricacid gas; after expelling the sulphuric acid and on fusion, a mass of large transparent crystals of chemically pure vanadic acid was obtained.
The vanadium minerals appear invariably to contain more or less phosphorus, and this fact in itself serves to establish the close relationship which exists between these two elements. The complete separation of this substance from vanadium is attended with great difficulty: if much phosphorus is contained with the vanadium, the method which has proved most effectual for its removal is to deflagrate the finely divided impure acid with its own weight of sodium in a well-covered wrought-iron crucible, and wash the resulting mixture of vanadium oxides by decantation until the wash-water ceases to give an alkaline reaction; frequently this operation had to be repeated three times be fore the molybdenum test ceased to indicate phosphorus. In other preparations, in which the phosphorus had been more completely removed by previous operations, the process described above, of repeated crystallization of the ammonium salt, was found capable of furnishing a product in which no trace of yellow precipitate was produced by molybdenum.
The action of even traces of phosphoric acid on vanadic acid is most rem arkable; if present in quantities exceeding 1 per cent, of the weight of the vanadium, phosphoric acid altogether prevents the crystallization of the vanadic acid, and the fused mass pos sesses a glassy fracture, and a black vitreous lustre; this effect is not produced by the presence of either silica, arsenic, or the lower oxides of vanadium. Still more singular is the protective influence which even traces of phosphoric acid exert upon the reducing action of hydrogen on vanadic acid at a red heat. Thus a mixture of pure vanadic acid with 1 per cent, of phosphorus pentoxide weighing 1*5888 grm., on ignition in a current of hydrogen lost only 0*0007 grm .; if no phosphorus had been present it must have lost 0*2784 grm.
III. ATOMIC WEIGHT DETERMINATION OF VANADIUM BY REDUCTION OF VANADIUM PENTOXIDE IN HYDROGEN.
The method originally adopted by Berzelius for the determination of the atomic weight of vanadium, viz. the reduction of vanadic acid in a current of hydrogen, is per fectly reliable, inasmuch as the reduced trioxide (the suboxide of Berzelius) does not undergo any further change when the temperature is raised to a bright-red heat, and the reduction of the pentoxide to trioxide at temperatures much below this is perfectly defi nite. The number obtained by Berzelius according to this method was V =68*5; the exact num ber which th e following experim ents yield, when calculated on Berzelius's hypothesis, is 67*3.
In the following determ inations of atom ic weights the quantity of powdered pentoxide employed was always m ore th an 5 grms. * I t was placed either in a bent tube of hard glass, which w hen heated in a m agnesia b ath was found not to lose more than 0-0001 grm. after repeated ignition and cooling, or in a platinum boat placed in a glass tube.
Before reduction th e powdered vanadium pentoxide was gently heated in a current of dry air u n til th e weighings, after two successive operations, were found to be constant. A fter th e reduction, th e tube was allowed to cool com pletely in a current of hydrogen, and this gas was th e n displaced by a stream o f dry air. I f the reduced oxide be even slightly w arm w hen it is exposed to th e air it absorbs oxygen, suddenly glows, and is superficially converted in to a b lue o x id e ; if, however, th e oxide be cold, it may be ex posed to dry air for some tim e w ithout change of w eight, an experim ent in which nitro gen was substituted for air giving results identical w ith those in which air was used.
In the experim ents in w hich th e oxide was contained in the glass tube the latter was carefully stoppered, and allowed to rem ain for h a lf an hour in th e balance-case before w eighing; w hen th e platinum boat .was used it was carefully w ithdrawn, w ith the re duced oxide, from th e com bustion-tube and placed in a stoppered test-tube for weighing. These precautions are absolutely necessary in order to ensure accuracy, owing to the hygroscopic n a tu re of th e trioxide.
T he hydrogen em ployed was m ost carefully purified and dried; all joints and stoppers in th e ap p aratus were well secured by copper wire and paraffin. T he gas passed through solutions o f silver nitrate, sodium pyrogallate, caustic soda, and sulphuric acid, and a tube filled w ith m etallic copper k e p t red-hot -during th e experim ent was placed before th e final drying-tube to ensure absence of oxygen. In order to ascertain w hether atm ospheric oxygen diffused into the apparatus, a w eighed tube containing phosphorus pentoxide was attached to th e fu rth er end of th e com bustion-tube during an experi m ent, and allowed to rem ain for four hours w hilst hydrogen was passing through the heated tu b e ; a t th e end of th e operation the drying-tube had gained only 0-0002 grm., proving th e absence of diffused oxygen. F o r the purpose of drying the hydrogen, boiled sulphuric acid alone can be used. In m any of th e prelim inary experim ents phosphorus pentoxide was used in th e last drying-tube, and in all these cases the reducing action of th e hydrogen was n o t com plete, th e num bers th u s obtained for the atomic weight being all too high. A fter m uch labour this was found to be entirely caused by small traces of the lig h t particles of the phosphorus pentoxide, which were invariably carried over, in spite o f stoppers of cotton-wool, w ith the air and hydrogen into the vanadic acid, PROFESSOR ROSCOE'S RESEARCHES ON VANADIUM . 7 * I n order to ensure accuracy, it is absolutely necessary to employ a larger quantity of material than was taken by Bekzkmus. The largest am ount w hich he used was 2-2585 grms. vanadic acid, and the smallest 0*6499 grm. A n error of one m illigram m e on the first w eight w ill produce a variation of + 0 2 in the ato w eight, w h ilst a sim ilar error on th e smaller quantity w ould throw out the result by + 0 7. I f 5 grms. stance are operated upon the variation arising from a milligramme error is + 0 * 0 8 6 .
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the presence of the smallest quantity of phosphorus pentoxide rendering, as has been shown, the complete reduction of the vanadic acid impossible. U lus, for example, in two determinations it was found that (1) 2*9232 grms. vanadium pentoxide yielded 2*4840 grms. trioxide, or V -65*4.
(2) 4*2826 grms. yielded 3*5649 grms. trioxide, or V=55*4. On testing the residual oxide for phosphorus, the top layer of trioxide in the boat was found to contain phosphorus pentoxide, whereas the lower layers were free from it. In order to show that the reduction in these cases was incomplete, 3*4886 grms. of the reduced oxide from an experiment of the kind was treated in a tube with dry chlorine; when all the chloride had volatilized, the residual vanadic acid was fused and found to weigh 2*165 grms.; if the oxide had been completely reduced, the residual vanadic acid would have weighed 1*407 grm.
No less than nine determinations of atomic weight were made with every possible pre caution, in which the results varied from 52*2 to 65*4, owing solely to the employment of drying-tubes containing phosphoric anhydride. As soon as this source of error was removed and a sulphuric-acid tube substituted, the pentoxide was completely reduced to trioxide and the numbers became constant.
The formula of vanadic acid being V2 0 5, and that of the oxide obtained by reduction V2 0 3, the atomic weight of vanadium is found from the equation
where a -the weight of vanadic acid taken, and b = the weight of reduced oxide ob tained.
Determination No. 1.-The vanadic acid used in this and the following determinations was prepared from ammonium vanadate by roasting; the acid thus obtained was found to contain traces of phosphorus and silica. To free it from these substances it was treated as follows; the powdered acid was first deflagrated with its own weight of metallic sodium in an iron crucible, the reduced oxide completely washed by decan tation, treated with hydrochloric acid to free it from iron, and oxidized with nitric acid. This vanadic acid was then reduced in a current of hydrogen and converted into the oxychloride by heating in a current of chlorine; after rectification the chloride was decomposed by water, and the resulting powdery acid dried and afterwards moistened with pqre snlphunc acid and exposed in a platinum vessel for ten days to the action of hydrofluonc-acid gas. On fusing and cooling this purified acid, dark red t h T b o Z XIt i n ' '° " CentlmetreS " length' W6re °btained> " " S Platinum boat after first heating in air + tube* 19 6287 grms.
" " second " " 19*6287 ,
The glass tube and stopper were frequently rew any appreciable diminution of weight. At the end eighed to ascertain if the friction of the stopper produced of the series of determinations they were found to have Boat, tube, and vanadic acid after first heating in air 1 hour . . . 27*868 grins. " " " " second " 2 hours . . . 27*3684 " " " " " th ird * " 2 hours . . . 27*8684 " H ence weight of vanadium pentoxide taken =7*7397 grms.
A fter th e reduction th e w eighings were not begun u n til every trace of water had dis appeared ; two weighings serve, therefore, to show th a t a constant weight has been reached. Boat, tube, and reduced oxide after first heating in hydrogen 5 h o u rs. . 26*0120 grms.
,, " " second " 3^ hours . . 26*0114 grms.
T he atom ic w eight calculated from these num bers, according to the above formula, is Y = 51*257.
Determination No. 2.-P latin u m boat after first heating in air + tube 19*6258 grms. " " second " " 19*6259 grms.
Boat, tube, and vanadic acid after first h eating in air hours . . 26*2074 grms. " " " " _ second " 2^ hours . . 26*2079 grms.
H ence w eight of vanadium pentoxide tak en = 6*5819^rm s. Boat, tube, and reduced oxide after first heating in hydrogen for 3^ hours . 25*058 grms. " " " " second " " 3 " . 25*0569 " " " ., " th ird " " 3 " . 25*0560 " " " " " fo u rth " " 3 " . 25*0555 "
T he atom ic w eight calculated from these num bers is V = 51*391 In order to confirm this result, th e reduced oxide was roasted in a current of dry air u n til it again attained a constant w eight. T he powdery acid obtained was of a very b rillian t orange-colour; th e following num bers show th a t th e original weight was regained to w ithin 0*0004:-P latin u m boat, tube, and vanadic acid after gently heating in a current o f air for 14 hours . T ube and vanadic acid after heating 1 hour in dry air . 43*6562 " H ence the w eight of vanadium pentoxide taken =5*1895 gims. 
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Tube and reduced oxide after heating in hydrogen oyer three Bunsen s lamps 42*7689 grms.
First heating in hydrogen gas in cor&bustion-fumace 42*7678 grms. Second " " n » 42*7511 " Third " " " " 42*7486 "
The atomic weight calculated from these numbers is V=51*485. Determination No. 4.-The acid used in this experiment was prepared by roasting, and afterwards completely oxidizing with nitric acid, pure ammonium vanadate which had been recrystallized four times, and had been prepared from acid obtained by the decomposition of the rectified oxychloride in water. The acid was free from phosphorus and silica, having been exposed, moistened with pure sulphuric acid*, for several days to the action of hydrofluoric-acid gas in a platinum vessel. Platinum boat and tube (constant weight) 25*2630 grms.
Boat, tube, and vanadic acid after first heating in air 30*3109 grms. The atomic weight calculated from these numbers is V=51*353. On gently roasting the reduced oxide in a current of air, the constant weight 30*3074 grms. was attained; this is within 0*0006 grm. of the original weight of boat, tube, and vanadic acid taken.
The mean of these four determinations is 51*371; hence we may assume the atomic weight of vanadium, as obtained from the reduction of pentoxide'to trioxide, to be 51*4 as probably true to within ±0*07. 51*257, difference from mean -0*114 51'391 » » " +0*020 51*485 " " " +0*114 51,363 » » " -0*018 51*371
Mean error +0*066 B ™ r a 'S mean number, calculated for V2 Os, is found to be 52-55 with a mean error o , whilst the subsequent estimations of Czudnowicz serve only as an approximate control of Berzelius s number, giving a mean of 55-35 with a mean error of 2-33,
No. 4. Mean . . special experiment proved that ev « y trace of sulphuric acid is easily expelled from vanadium pentoxide on T he fact th a t these older determ inations a ll give a h ig h er num ber than the above experim ents, shows e ith er th a t th e acid was n o t fully oxidized, or, more probably, th at th e oxide was n o t com pletely reduced. I t has already been stated ( l ) t h a t the presence o f th e slightest trace o f phosphorus prevents th e com plete reduction of the pentoxide to trioxide in hydrogen, (2) th a t a ll th e n atu ra lly occurring vanadium ores contain phos phorus w hich can only be detected, w hen p resent in sm all traces, by molybdic acid, a test unknow n in B erzelius's tim e, and (3) th a t th e com plete separation of phosphorus from vanadium is a tten d e d w ith g rea t difficulty. H ence we m ay fairly conclude th at th e difference o f 1 T 5 in th e atom ic w eight betw een th e above experim ents and those of B erzelius is due to th e presence o f sm all traces o f phosphorus in th e vanadic acid used by th e g re a t Swede.
IV . T H E V A N A D IU M O X ID E S .
T he oxides o f vanadium o f w hich B erzelius determ ined th e com position were three in n u m b e r :-1. T h e suboxide, or low est oxide, o b tained by reducing vanadic acid in hydrogen. T h is oxide B erzelius supposed to contain one atom of oxygen, and gave to it th e form ula V O = 76*5. A ll these th re e oxides exist and possess in th e m ain th e properties w hich B erzelius assigns to t h e m ; th ey all, how ever, contain for every one atom of B erzelius s vanadium (68*5) one a d d itio n al atom o f oxygen ( 0 = 16), w ith th e existence o f w hich he was unac quainted. Besides these oxides, a still low er one has been found containing one atom less oxygen th a n B erzelius's suboxide, and therefore having th e atom ic w eight of B er zelius's m e ta l; th is oxide acts as a ra d ic a l; it m ay be term ed vanadyl, V O , and may be supposed to exist in th e h ig h er oxides.
T h u s we have (V = 5 1 * 3 ):-1. V anadium dioxide, or vanadyl, V 20 2. 2. V anadium trioxide (B erzelius's suboxide), V 20 3, or 3. V anadium tetro x id e (B erzelius's vanadic oxide), V 20 4, or V 2 0 2+ 0 2. 4. V anadium pentoxide (vanadic acid), V 2 0 5, or V 2 0 2 -(-0 3. 1. V anadium Xtioxide (or V a n a d y l ), V 2 0 2= 1 3 4 * 6 .-In its pow oxygen vanadium surpasses even uranium , as observed by P e l i g o t *. Bike uranium , t e metal vanadium can be separated from its last atom of oxygen with such extreme diffi culty, and the lowest oxide is found to enter as a radical into so many compounds, that to this oxide the name vanadyl (VO) may appropriately be given.
Vanadium dioxide can be obtained in the dry state, as a giey powder possessing a metallic lustre, by passing the vapour of vanadyl trichloride (VO Cla), mixed with excess of hydrogen, through a combustion-tube containing red-hot carbon. Lower solid oxy chlorides (see page 25) are found to be deposited in the further portions of the tube, whilst vanadium dioxide remains as a bright grey metallic powder mixed with the charcoal. On strongly igniting this mixture in a current of hydrogen, every trace of chlorine is removed, and a pure mixture of charcoal and dioxide remains.
Vanadium dioxide possesses a grey metallic lustre, dissolves in acids without evolution of hydrogen, and yields a lavender-coloured solution which bleaches strongly. Vana dium dioxide is insoluble in water.
Preparation 1. Analysis 1.-■0*8650 grm. of a mixture of vanadium dioxide and car bon, prepared as described, and freed from chlorine by heating in hydrogen, was treated with hydrochloric acid: the carbon, collected on a tared filter and dried at 120° C., weighed 0*6126 grm .; the filtrate, evaporated to dryness with nitric acid, the residue fused and weighed, yielded 0*3605 grm. of vanadium pentoxide.
Analysis 2.-Another portion of the same substance free from chlorine was burned in a platinum boat in a current of oxygen. The carbon dioxide formed was weighed, and the residual vanadium estimated as pentoxide: 0*0996 grm. substance yielded 0*2482 grm. C 02, and 0*0416 grm. V20 5. Therefore the percentage of vanadium dioxide con tained in the grey powder is as follows:-No. 1, 105*3; No. 2, 96 1.
Vanadium Dioxide in solution.
-If the dark-red solution obtained by dissolving finely powdeied vanadium pentoxide in strong boiling sulphuric acid be diluted with fifty times its bulk of water and then digested with metallic zinc, the liquid rapidly changes colour under the influence of the nascent hydrogen, passing through all shades of blue and green until, after lapse of some time, it assumes a permanent lavender or violet tint. The vanadium is then contained in solution in the lowest degree of oxidation (V20 2= 134*6) as sulphate, and this compound absorbs oxygen with such avidity as to bleach indigo and other vegetable colouring-matters as quickly as chlorine itself, and acts far more powerfully than any other known reducing agent. In order to estimate the degree of oxidation of the dissolved vanadium, a standard solution of potassium per manganate was added to the reduced liquid until a permanent pink colour was produced, experiments with vanadium trioxide of known composition (given on page 15) having proved that this point is that of maximum oxidation (V2Os), and that it can be accu rately reached provided an excess of sulphuric acid be present*. T he stren g th of th e p erm anganate solution, p repared from th e pure crystals, was accu rately estim ated by iron and oxalic a c id ; 1 cub. centim . of standard solution was found to be equal to 0*001413 grm . oxygen as a m ean of th ree w ell-agreeing experim ents; the stren g th o f th is solution, as tested from tim e to tim e, was found n o t to vary during the course o f th e d eterm inations. T h e calcu lated loss o f oxygen on 100 vanadium pentoxide, w hen reduced to the dioxide V 2 0 2, is 26*3 ; th e m ean ex p erim en tal n u m b er is 26*53.
R eduction w ith Z in
I n order to control th e foregoing results, a fresh solution o f perm anganate was pre p a r e d ; 1 cub. centim . rep resen ted 0*001301 grm . oxygen; 0*1397 grm . vanadium pen toxide dissolved in su lp h u ric acid and com pletely reduced by zinc required 27*7 cub. centim s. o f th is solution for com plete oxidation, corresponding to a loss o f 25*8 on 100 parts. I n ascertaining th e reliab ility o f th is m ethod, it was fu rth e r found th a t a solution containing 0*1 grm . of vanadium pentoxide dissolved in su lp h u ric acid becam e of a p er m an en t p in k colour on th e ad d itio n o f 0*3 cub. centim . o f p erm anganate so lu tio n ; also th a t 5 grm s. o f zinc dissolved in su lp h u ric acid and d ilu te d to th e same stren g th as in th e determ inations, req u ire d only one drop o f perm an g an ate solution to produce the p erm an en t p in k tin t. T h e m ean of these six determ inations gives 26*3 as th e loss on 100 p arts of vanadium pentoxide, exactly corresponding to th e calculated num bers.
R eduction w ith C adm ium and S odium
T h e salt form ed by th e reducing action o f hydrogen in presence of th e above m etals and su lphuric acid is doubtless a vanadium sulphate, th a t is, sulphuric acid in which the equivalent q u a n tity o f hydrogen is replaced by th e m etal. I have yet to determ ine the com position o f these salts. Wrhen am m onia or caustic potash is added to th e lavender solution, a brow n-coloured p recipitate, probably of vanadium hydroxide, is formed, and th is instantaneously absorbs oxygen.
O n allow ing th e n eu tralized lavender solution to stand exposed to air for a few seconds the colour changes to a deep chocolate-brown; so rapid, indeed, is this change of colour, when nearly the whole of the free acid is neutralized by zinc, that such a lavender solu tion may serve as a reagent for the detection of free oxygen not inferior in delicacy to an alkaline pyrogallate. When a current of air is passed through the lavender solution of sulphate in presence of excess of acid, oxygen is absorbed, the colour of the liquid gradually changes to a bright and permanent blue, and the vanadium is contained in solution as tetroxide, two atoms of oxygen having been taken up (see tetroxide, page 16). If the free acid contained in the lavender solution of vanadium sulphate be com pletely neutralized by zinc and air passed through, the liquid assumes a permanent brown colour, which on addition of acids turns green, and the vanadium is contained in solution as trioxide (see trioxide, page 15). The point of the reduction at which the bleaching action commences is easily ascertained by testing the liquid from time to time with litmus paper. The changes in colour which the sulphuric-acid solution of vana dium pentoxide undergoes when treated with zinc may be divided into seven stages. This shows that the bleaching action commences in stage 5 with the formation of the dioxide. A quantitative experiment made in the same way showed that the bleaching action of the reduced solution ceased when to 100 parts of the dioxide 9*5 parts of oxygen had been added; in order to pass completely into trioxide, 11*9 parts of oxygen would have been needed.
The reduction of vanadium to dioxide by means of nascent hydrogen in presence of zinc serves as an easy and accurate method of estimating vanadium when mixed with certain other metals.
2.
Vanadium Tnomde (the suboxide of Bekzelius), V2 O3=150-6.-The anhydrous trioxide is obtained as is well known, by reducing vanadium pentoxide in a current of hydrogen at a red heat I t is perfectly stable up to temperatures approaching a white ; : l r en Wn T iTsm " a CUrrent 0f hydr°gen t0 thi8 temperature the trioxide does not lose weight. 0-411 grm. vanadium pentoxide, when reduced in hydrogen and heated for two hours to whiteness in a wind furnace, yielded 0-366 grm of blL k trioxide the theoretical quantity being 0*368 grm. ® * Ck tnoxide>
In addition to the complete description of the properties of the oxide given by Beezelios, I have only to add that it-undergoes oxidation, not only rapidly g^i n g when exposed whilst warm to the air, but likewise slowly when exposed to th f T p o td 0^ j r f o r eratUree' ! ! r Ct T rphOUS tri°Xide' when allowed to stand exposed the air for some months, undergoes a remarkable change; it takes up an atom o f oxygen, and is transform ed to sm all d a rk indigo-coloured crystals of tetroxide (see page 16). V anadium T rioxide in solution.-T h e trioxide is insoluble in acids, b u t it may be obtained in solution as fo llo w s:-I f solutions o f vanadium pentoxide in sulphuric acid are d ilu ted and trea te d w ith excess o f m etallic m agnesium , th e changes of colour which are observed w hen zinc, cadm ium , or sodium am algam are used do n o t continue beyond th e green, and th e liq u id contains vanadium trio x id e in solution.
I n order to ascertain th e reliab ility of th e m ethod o f analysis described, viz. oxidation by m eans o f a stan d ard p erm an g an ate solution, a know n w eight o f vanadium trioxide was p repared by red u cin g vanadium pentoxide in a c u rre n t o f dry hydrogen w ith the pre cautions w hich w ill be found described u n d e r th e atom ic w eights determ inations.
T h e resu ltin g trioxide was placed in a flask containing d ilu te sulphuric acid and filled w ith carbonic a c id ; on th e a d d itio n o f p erm an g an ate th e black finely divided oxide is rapidly oxidized, dissolving in th e acid, and th e p o in t o f com plete oxidation can th u s be accurately attain ed . 0*4043 grm . of vanadium pentoxide th u s reduced required 50*4 cub. centim s. o f p erm an g an ate solution (1 cub. centim . = 0*001413 grm . oxygen) for com plete o x id atio n ; th is corresponds to a g ain o f 21*35 on 100 p a rts of trio x id e; th e th eo retical gain in passing from trio x id e to pentoxide is 21*24.
T Solutions o f vanadium trioxide can also be o btained by p a rtia l oxidation o f the lavender-coloured solution o f dioxide. I f a c u rre n t o f air be passed th ro u g h a reduced solution in w hich th e free acid h as been n eu tralized by excess o f zinc, and th e rem aining m etallic zinc rem oved, th e liq u id attain s a p erm an en t brow n colour, w hich, on th e addi tio n o f a few drops o f acid, tu rn s to green. B o th th e brow n and green liquids contain trioxide in solution, th e dioxide having ta k e n u p one atom o f oxygen, as th e following analyses sh o w :-(1) 0*1672 V 2 0 5, reduced by zinc and oxidized by air passing th ro u g h for one hour, req u ired 21*9 cub. centim s. o f th e foregoing perm anganate solution for complete oxidation. (2) 0*1652 V 2 Os, tre a te d in th e same way, b u t exposed for four hours to a current of air, req u ired 21*0 cub. centim s. perm anganate (1 cub. centim . = 0*001320 grm. oxygen).
Hence 100 parts of vanadium dioxide have absorbed (1) 13-05 and (2) 12-96 parts of oxygen; to pass to trioxide, 11*9 parts*are required. Î f a few drops of acid are added to the brown solution, which does not undergo change even when air is passed through for several days, it . immediately turns green, but does not undergo any alteration as regards its oxygen; thus a brown solution was divided into two equal parts, the one which was oxidized whilst neutral and brown required 12*13 per cent, of oxygen, the other, to which a few drops of hydrochloric acid were added, became at once green and required 10*82 per cent, of oxygen to raise it to V20 5.
Action o f Chlorine upon Vanadium
Trioxide.-The ac led Berzelius to give to it the formula VO, (V=68*5); but, as has already been stated, the fact that one-third of the vanadium remains in combination with oxygen in the residual vanadic acid follows equally from the formula V2 0 3 when V -51*3.
Thus 3(V2 0 3) + 6 Cl2= V 2 0 5+ 4 V O Cl3. Two experiments made in order to test the purity of the trioxide prepared by reduc tion of vanadic acid in hydrogen gave the following results:-(1) 4*6004 grms. V2 0 3, treated with dry chlorine, gave a residue of 1*8307 grm. V2 0 5; theoretically it should yield 1*8597 grm. (2) 0*2686 grm. V2Os yielded 0*992 V20 5, instead of 1*0858 grm. The composition and constitution of the salts forming the green solution §till remain to be ascertained.
Vanadium T e t r o x i d e ,
V20 4=166*6 (the vanadic oxide of Berzelius).-T anhydrous tetroxide was obtained by Berzelius (Pogg. Ann. Bd. xxii. p. 19) by preci pitating the hydrated oxide from a sulphate by sodium carbonate, washing, and igniting in vacuo to free it from water. On reducing in hydrogen Berzelius found that 0*762 grm. yielded 0*691 grm., or 90*67 per cent, of his " suboxide" (V20 3, V = 5 1 * 2 ); and hence he legitimately concludes that " vanadic oxide has lost as much oxygen as the suboxide contains,-that is, as much as he thought it contained, for V2 0 4 yields 90*36 per cent, of V2 0 3: V20 2-|-0 = V 20 3, v 2o 2+ o 2= v 2o 4. The anhydrous tetroxide can also be prepared by the slow oxidation of the black tri oxide at the ordinary atmospheric temperature. I t possesses an indigo-blue colour, and under the microscope is seen to consist of brilliant blue shining crystals. This remark able change occurs when the black trioxide is exposed for several weeks to the air, and it has been repeatedly observed. 1-1686 grm. of the blue crystals thus obtained were dried completely under the air-pump, yielded 1-2688 grm. vanadium pentoxide, correspon mg to a percentage increase of 8-57: 100 parts of the tetroxide require 9-59 parts of oxygen for conversion into the pentoxide. These blue crystals are anhydrous. A weighed portion of tnoxide was exposed to the air and from time to time dried in vacuo and weighed On November 13th, 1866, the weight of the black trioxide was 0-7507; on February 4th, 1867, the colour had changed to a bluish black, and the weight wa 0*8112; on M arch 2 5 th th e colour h a d becom e b lu e an d th e w eight of th e oxide was 0*8267, show ing a p ercen tag e increase o f 10*13, or an absorption of nearly one atom of oxygen, as 100 o f trio x id e re q u ire 11*87 o f oxygen for conversion into th e pentoxide. O n fu rth e r exposure th e b lu e oxide increases in w eig h t, again changes colour to a dark olive-green, an d a h y d ra te d oxide is form ed.
V anadium T etro xid e in solution.-S olutions o f th e salts o f vanadium tetroxide are b rig h t b lu e as described by B erzelius. T h ey m ay b e obtain ed (1) by th e action of m o d erate re d u c in g agents, such as s u lp h u r dioxide an d su lp h u re tte d hydrogen (probably also oxalic acid, sugar, alcohol, &c.) u p o n solutions o f vanadium pentoxide in sulphuric acid, (2) b y th e actio n o f a c u rre n t o f a ir u p o n th e acid solu tio n o f vanadium sulphate.
(1) I f su lp h u r dioxide or su lp h u re tte d h y d ro g en b e passed in to th e yellow solution of v anadium p en to x id e in d ilu te su lp h u ric acid, th e liq u id becom es p erm an en tly blue, no g reen or violet colour b ein g o b tain ed by th e c o n tin u ed actio n o f th ese reducing agents. I n o rd er to d e te rm in e th e state o f o x id atio n o f th e m etal, th ese b lu e solutions w ere boiled in an atm o sp h ere of carbonic acid u n til every trac e o f th e red u cin g ag en t was expelled, an d on cooling sta n d ard p e rm a n g a n a te w as added u n til th e p in k tin t was noticed. (1) (2) (3) (4) (5)
PRO FESSO R ROSCOE'S RESEA RC H ES ON V
W e ig h t o f V 2 O s ta k e n . C ub. cen tim . p e rm a n g an a te ) Loss o f oxygen on 100 p en t-) I * 8*91 8*94 8*97 9*39 9*01 9*00 oxide G iving a m ean loss o f 9*03, w hereas th eo ry re q u ire s a loss o f 8*75.
(2) 'W h en a c u rre n t o f a ir is passed th ro u g h acid solutions o f th e dioxide a perm a n e n t b lu e colour is a tta in e d , tw o atom s o f oxygen have b e en absorbed, and th e solution contains tetro x id e.
(1) 0*1149 grm . van ad iu m p en to x id e com p letely red u ced by zinc, and th e acid so lu tio n oxidized by a c u rre n t o f a ir passing th ro u g h for fifteen hours, required 9*5 cub. centim s. o f p e rm a n g an a te solu tio n (1 cub. centim . = 0*001320 grm . oxygen) for com plete oxidation. (2) 0*0919 grm . vanadium pento x id e, tre a te d in th e sam e way, req u ired 6*3 cub. centim s. o f th e p e rm a n g an a te solution for com plete oxidation. H e n c e 100 o f vanadium dioxide h as absorbed (1) 20*9 and (2) 23*4 p arts o f oxygen; in o rd er to pass from th e dioxide to th e te tro x id e 23*78 p e r cent, is needed. T he sul p h a te o b tain ed by evap o ratin g th e b lu e solution co ntaining th is oxide was analyzed by B erzelius {loc. cit. p. 18), and it m ay be reg ard ed as a vanadyl sulphate, or sulphuric acid in w hich hydrogen is replaced by vanadyl. of vanadic acid have been fully described by Berzelius ; the only important addition to our knowledge of this oxide made since his time is the determination of the crystalline form (rhombic prisms) made by Nordenskjold *. In the present communication I propose to discuss the properties and composition of vanadic acid and the vanadates only so far as is necessary for the purpose of elucidating the true atomic weight of the metal* Constitution o f the so-called Monovanadates.-The analyses made by Berzelius of the ammonium and barium vanadates*}* suffice to point out the true character of these salts. The formulae which he there gives, assuming the atomic weight of the metal to be 68 5, show that these compounds must be considered as metavanadates when the atomic weight of the metal is taken to be 51*3. In order to confirm Berzelius's analysis of the ammonium salts, the following analyses were made of the white anhydrous salt obtained by blowing ammonia gas into water containing suspended vanadic acid, and repeatedly crystallizing. The ammonium salt, on carefal roasting in a platinum boat in a current of oxygen gas, yielded vanadium pentoxide, which was fused and weighed. C onstitution o f the N orm al V a n a d a t e s .-T h a t vanadic acid in its no basic is show n by th e fact first p o in ted o u t by Czudnowicz* }* , th a t w hen vanadium pentoxide is fused w ith an excess o f sodium carbonate th re e m olecules of carbon dioxide ( 3 C 0 2) are displaced for every m olecule of vanadium pentoxide (V 2 0 5) entering into com bination. I n an ex p erim en t carefully conducted, in w hich sodium carbonate was h e ated to redness w ith 0*4323 grm . of vanadium pentoxide u n til no fu rth e r loss of w eight occurred, th e pentoxide was found to expel 0*3078 grm. carbon dioxide ( C 0 2); th is corresponds to a ratio o f 2*957 m olecules o f carbon dioxide to 1 of V 20 5, or nearly in th e p ro p o rtio n o f 3 t o |l . N orm al-or ortho-sodium vanadate is N a3 V 0 4, or °3-H en ce th e re is no d o u b t th a t vanadic acid in its no rm al state acts as a tribasic acid. I t is m y in te n tio n fully to investigate th e c o n stitu tio n and pro p erties of th e vanadates a t a fu tu re tim e.
V . V A N A D IU M O X Y C H L O R ID E S.

V anadium
Oocy trichloride, or V anadyl , V O Cl3, molec. w eight 17 (terch lo rid e o f vanadium o f B erzelius).-T h e fact th a t th e lem on-yellow-coloured liquid chloride o f vanadium p rep a red by th e action o f chlorine u p o n th e trioxide does contain oxygen, contrary to th e distinct statem ents of previous experim enters, was ascertained in various w a y s :-(1) A few gram m es o f th e lem on-coloured liq u id chloride was placed in a bulb attac h ed to a long com bustion-tube h a lf filled w ith p u re sugar-charcoal and h a lf with m etallic copper. A cu rre n t o f dry hydrogen, purified from oxygen according to the m eth o d previously described, was th en passed over th e bulb and cold tu b e u n til every trace o f air was e x p e lle d ; th e carbon and copper w ere th e n h eated to redness, and as soon as th e escaping gases h a d ceased for fifteen m inutes to ren d e r baryta-w ater turbid, L ieb ig 's b u lbs containing clear bary ta-w ater w ere attached. T h e bulb containing the oxychloride, w hich u p to th is p o in t h a d been k e p t cool, was now warm ed, and the chloride d istilled into th e h e ated carbon in th e t u b e ; as soon as th e vapour of the chloride was carried forw ard by th e hydrogen, a dense p recip itate of barium carbonate, w hich effervesced on th e addition of hydrochloric acid, was throw n down in the Liebig s bulbs, proving th a t th e liq u id contains oxygen and undergoes p a rtial decomposition when m ixed w ith hydrogen and b ro u g h t in contact w ith red-hot charcoal.
T h is ex p erim en t was rep e ate d tw ice w ith id entical results. I t is n o t possible in t is manner to estimate the quantity of oxygen which the oxychloride contains, as only a small portion of the oxygen combines with the carbon, by far the greater portion, remaining in combination with the metal to form dioxide or the lower solid oxychlorides yet to be described.
(2) The vapour of the lemon-yellow chloride was passed over metallic magnesium heated in a current of pure hydrogen; the action was violent, and the metal took fire. On cooling the tube the excess of magnesium was carefully removed, and the boat was found to contain a dark-coloured powder which, on extraction with water, contained both magnesium and chlorine; after repeated boiling with water, hydrochloric acid extracted from this powder large quantities of magnesia, the oxygen of which could only be derived from the vanadyl trichloride.
(3) The foregoing experiment, made with sodium instead of magnesium, showed that a thick crust of caustic soda was formed on the tube close to the boat in which the metal was placed.
(4) The vapour of the liquid oxychloride mixed with pure hydrogen was passed through a red-hot tube; the chloride was decomposed, black shining crystals of vana dium trioxide were deposited in the first portions of the tube, a mixture of lower solid oxychlorides filled up the further portions, and small quantities of a dark-red liquid were formed. The black crystals on analysis were found to be free from chlorine; 0*0860 grm. of these crystals gave on oxidation 0T051 grm. vanadium pentoxide, or the substance contained 99'2 per cent, of vanadium trioxide.
(5) When vanadyl trichloride is rapidly distilled over heated carbon, or when it is prepared by treating a mixture of trioxide and carbon with chlorine, a dark reddish-brown liquid is formed consisting of a mixture of the oxychloride and another chloride. The analysis of this dark liquid yielded results which, when calculated for chlorine and vanadyl (V 0=67*3), always added up to from 103 to 105 per cent, on the quantity taken, showing the presence in this liquid of a vanadium chloride containing no oxygen.
(i.) Preparation o f Vanadyl Trichloride.-Finely divided vanadium pentoxide is intimately mixed with pure sugar-charcoal, and the mixture heated to redness in a cur rent of hydrogen. After cooling in hydrogen the mixture of trioxide and carbon is removed to a hard glass retort, heated by a large Bunsen's lamp, and a current of dry chlorine gas passed in. The crude oxychloride comes off as a reddish-yellow* liquid, of which 180 grms. were collected in one operation. In order to purify this liquid it is distilled upwards in a current of carbonic acid for several hours, and afterwards rectified several times over clean sodium in a current of carbonic acid, when the sodium becomes coated with a dark substance due to the decomposition of some other chlorides. The liquid gradually assumes a light amber-colour, and on continued distillation it attains a permanent lemon-yellow tint; it began to boil at 126° C., and all came over before 130°.
* The dark colour of the chloride thus prepared is not due to the presence of vanadic acid as Schafakik sup poses, as the acid is insoluble in the chloride, but rather to some dark-coloured vanadium chlorides containing no oxygen.
PROFESSOR ROSCOE'S RESEARCHES ON V A N A D IU M .
2 1 W h en perfectly p u re th e boiling-point was accurately determ ined w ith 100 grms. of sub stance ; th e tem p eratu re corrected for freezing-point of the therm om eter and m ean tem p eratu re of th e colum n was found to be 126°*7 u n d er 767*0 millim s. of mercury.
(ii.) V anadyl trichloride is obtained a t once o f a b rig h t lem on-yellow colour, and free from th e com pounds w hich accom pany its form ation in th e preceding reaction, by pas sing dry chlorine over th e trioxide g ently heated. T he reaction is as follows, viz.-3(V 2 Os) + 6 Cl2 = V 2 Os + 4(V O Cl3).
T he liquid th u s obtained requires only to be distilled upw ards for a short tim e in a cur re n t o f carbonic acid, to rem ove excess o f chlorine and hydrochloric acid, and th en recti fied once over sodium to obtain th e substance chem ically pure.
T h e general properties of vanadyl trich lo rid e have been already described by Ber zelius.
T h e specific gravity o f th is liq u id was carefully determ ined a t th ree tem peratures, and found to bea t 14°*5 . T he trich lo ride rem ains liquid a t tem p eratu res above -15°C . As th e coefficient of expansion o f this liq u id has n o t been yet determ ined above 24°, it is n o t possible to cal culate th e atom ic volum e of th is liquid, or to com pare i t w ith th a t o f phosphorus oxychloride (P O Cl3).
T h e vapour-density o f vanadyl trichloride was determ ined according to D umas's m ethod w ith th e follow ing re s u lts :-W e ig h t o f b ulb and air a t 11° C. and u n d er 776*5 m illim s. . . 6*5172 grms. W e ig h t of b u lb and vapour a t 18°*6 C. and 780 m illim s. . . 7*0003 grms.
R esidual air = 0 * 0 cub. centim . C apacity o f bulb 135*13 cub. centim s. H ence th e vapour-density is found to be 88*20 ( H = l ) or 6*108 (air = 1 ) ; th e calcu lated density is 86*8 ( H = l ) or 6*000 (air = 1 ) .
A n a lysis o f V anadyl Trichloride. D eterm ination o f the atom ic weight o f Van M ethod 2.-T h e difficulty atten d in g determ inations o f th e atom ic w eights of th e m etals from analysis of th e ir volatile chlorides has already been pointed ou t by P ierre * in the case of titanium . T h e errors h ere referred to, arising from absorption of m oisture by these hygroscopic chlorides, may, however, be avoided by sealing u p several portions of th e chloride for analysis a t once from a large mass of liquid.
T he follow ing seventeen determ inations were m ost carefully m ade, and th e num bers obtained, closely coinciding as th ey do w ith th e results o f th e reduction experiments already given, serve as a m ost im p o rtan t control o f th e reliability of th e original method.
Volum etric D eterm ination o f the Chlorine.-Before em ploying G ay-Lussac s m ethod to this determ ination, it was ascertained th a t w hen th e chloride is decomposed by w ater in presence of nitric acid and silver solution added, no trace of vanadium goes down with Pure silver was prepared with all the precautions detailed by Stas* in his first me moir, and the analyses were conducted in the manner described by him f-T e m tnc acid was prepared by distilling a large quantity of pure acid until three-fifths had come over; the remainder was then distilled and collected, and on careful testing with silver showed not the slightest indication of chlorine. The distilled water used had been care fully redistilled, and likewise gave no indication of chlorine. The weight of silver to be taken was calculated from a careful gravimetric analysis, and several volumetric deter minations were made at one time. The weighed quantity of silver was placed with ten times its weight of pure nitric acid, sp. gr. 1*2, in well-stoppered 300 cubic centimetre bottles, and heated to about 40° C. until all the silver had dissolved. After cooling, the bulb containing the weighed quantity of vanadyl trichloride was brought into the bottle, the bottle closed, and the bulb broken by shaking; distilled water was then added, so that the weight of the whole liquid amounted to from forty to fifty times that of the silver employed. The lower oxides of nitrogen present in solution in the acid reduced the vanadium to a bright blue solution, in which the slightest turbidity of silver chlo ride could be well seen.
In the volumetric determination of chlorine it has already been noticed, both by G a y -L ussac and S t a s, that when one or two milligrammes of silver per litre still remain in solution, a turbidity is produced by the addition of both silver and chloride solution. This fact was also observed in the volumetric analyses of vanadyl trichloride; and in order to render the results comparable, the course proposed by S t a s was invariably adopted, viz. that of adding the decimal chloride solution until all turbidity ceased. The error thus introduced is, however, extremely small (less than 0*0005), and is coun terbalanced by the error arising from a trace of impurity contained in the silver.
In several cases the vanadium in the filtrate was estimated by precipitating the excess of silver, expelling the acid by evaporation, again filtering from the trace of silver chloride which separates out, and evaporating the filtrate to dryness in porcelain, trans ferring to platinum, oxidizing by nitric acid, and weighing the fused acid.
The following Table contains the results of nine chlorine determinations made according to the above method with trichlorides of various preparations. Nos. 1, 2, 3, and 4 were made with substances of one preparation, Nos. 5 and 6 of a second prepa ration, Nos. 7 and 8 of a third preparation. ._This sub stance is formed, together with other lower solid oxychlorides, when the vapour of vana dyl trichloride mixed with hydrogen is passed through a red-hot tube. It is easily ob tained, however, in the pure state by the action of metallic zinc on the oxytrichloride in sealed tubes at 400°. For this purpose strips of zinc and slight excess of the liquid chlo ride are heated in a strong tube placed in an inclined position in an air-bath for three or four days in a temperature considerably above the boiling-point of mercury; the oxytrichloride is decomposed, a black oxide of vanadium is formed together with zinc chloride, and a sublimate of splendid grass-green tabular crystals of the oxydichloride collects in the upper part of the tube. On opening the tube, the portion containing the crystals was quickly pushed inside a wider tube heated to 130° in a paraffin bath through which a current of dry carbonic acid was passed; the excess of liquid oxychloride was thus easily expeUed and the green crystals obtained of a constant weight. The black oxide formed together with the green crystals consists of the lowest oxide V O as on treatment with dilute acid it bleaches strongly. : ' 2 2' Vanadium oxydichloride is a grass-green body crystallizing in thin plates and possessan unctuous feel It is slowly decomposed by water, and on exposure to moist air it deliquesces; it easily dissolves in dilute nitric acid. Its specific gravity at 13°C. is
The composition of the oxydichloride is readily determined by precipitating the chlonne m nitrlc-acid solution, and estimating the vanadium in the filtrate. 
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